Background/Objectives: To assess the prevalence of undiagnosed obstructive sleep apnea (OSA) among general medical inpatients and to investigate whether OSA risk is associated with in-hospital sleep quantity and quality. Design: Prospective cohort study. Setting: General medicine ward in academic medical center Participants: 424 hospitalized adult patients ≥ 50 years old without a sleep disorder diagnosis (mean age 65 years, 57% female, 72% African American). Main Measures: The Berlin questionnaire, a validated screen for determining risk of OSA, was administered to hospitalized medical patients. Sleep duration and effi ciency were measured via wrist actigraphy. Self-reported sleep quality was evaluated using Karolinska Sleep Quality Index (KSQI). Key Results: Two of every 5 inpatients ≥ 50 years old (39.5%, n = 168) were found to be at high risk for OSA. Mean in-hospital sleep duration was ~ 5 h and mean sleep effi ciency was 70%. Using random effects linear regression models, we found that patients who screened at high risk for OSA obtained ~ 40 min less sleep per night (-39.6 min [-66.5, -12.8], p = 0.004). These fi ndings remained signifi cant after controlling for African American race, sex, and age quartiles. In similar models, those patients who screened at high risk had ~ 5.5% less sleep effi ciency per night (-5.50 [-9.96 
S C I E N T I F I C I N V E S T I G A T I O N S
O bstructive sleep apnea (OSA) is a common sleep disorder that affects approximately 1 of every 4 adults in the United States. 1, 2 Unfortunately, up to 90% of people with OSA are undiagnosed. 3 Without treatment, severe OSA is associated with increased risk of cardiovascular and cerebrovascular morbidity and mortality in both men and women. [3] [4] [5] Early diagnosis and treatment of OSA have been recommended to improve patient health outcomes.
Hospitalized patients are likely at high risk of OSA. One reason is that OSA is especially prevalent among patients with medical conditions that can result in hospitalization, such as congestive heart failure. [4] [5] [6] [7] Hospitalized patients with OSA also have an increased risk of postoperative complications and exacerbations of chronic conditions. 8, 9 Because hospitalization has been characterized as a period of acute sleep loss due to environmental factors, inpatients with undiagnosed OSA may experience even more sleep disruptions than their healthier counterparts. 10 Despite these associations, in one study of inpatients, there was no documentation of sleep histories or any sleep-associated symptoms in their hospital charts. 11 In addition, there is a high frequency of sleep disordered breathing in hospitalized patients referred for polysomnography, especially in patients with underlying cardiopulmonary disease. 12 These fi ndings suggest that hospitalization may represent a missed opportunity to screen patients for sleep disorders. Although polysomnography (PSG) is considered the gold standard for diagnosing OSA, it is diffi cult and resource-intensive to perform among inpatients. For these reasons, screening tools for OSA, such as the Berlin Questionnaire, have been developed with relatively high sensitivity and specifi city. 13 To date, no study has investigated the prevalence of undiagnosed OSA in medical inpatients and examined how risk of OSA correlates to in-hospital measures of sleep duration and quality.
Risk of Sleep Apnea in Hospitalized Older Patients
We were specifically interested in studying sleep in older inpatients. Because of their susceptibility to sleep disruptions as they age, existing studies in hospitalized older patients are largely descriptive and based on observations or self-report. The few hospital interventions to date, such as the well-known Yale Hospital Elder Life Program, target sleep for older patients as part of a multicomponent intervention to reduce delirium. 19 Unfortunately, prior studies of interventions to improve sleep for older adults do not objectively measure sleep duration or quality and often have very low adherence for the sleep portion of the protocol. 20 Before effective interventions can be designed and implemented, it is essential to fully characterize sleep duration and quality in hospitalized older patients using both subjective and objective assessments.
The aim of this study is to better understand the prevalence of undiagnosed OSA in the hospital setting. Our secondary aims are to investigate whether inpatients at high risk for OSA have lower inpatient sleep duration and quality, and to assess physician knowledge of and behaviors surrounding screening for OSA.
METHODS

Study Design
We enrolled patients from an ongoing prospective study of general medicine inpatients at the University of Chicago Medical Center.
14 Eligible patients were ambulatory, communitydwelling adults aged 50 years or older who were cognitively intact, as defined by the Short Portable Mental Status Questionnaire (SPMSQ). 15 Patients were excluded if they were transferred from an intensive care unit, had a known sleep disorder, were on bed rest, in respiratory isolation, had already been hospitalized for the 3 days prior to eligibility screening, or were readmitted within 2 weeks. The study was approved by the University of Chicago Institutional Review Board and appropriate informed consent was obtained from the human subjects.
Data Collection
OSA Risk
We screened patients for OSA risk using the Berlin questionnaire, 13 an 11-item survey on snoring, sleepiness, and hypertension, which has been validated against polysomnography in a variety of populations and is considered the most accurate screening questionnaire to predict a diagnosis of OSA. [16] [17] [18] Using a scoring guide adapted from a prior study, an individual was identified at high risk of OSA if they scored positive in ≥ 2 categories. 13 A category was positive if scores of questions within each category summed to ≥ 2.
Subjective Sleep Quality
Self-reported sleep quality in the hospital at night was assessed using the Karolinska Sleep Log, which includes questions regarding an individual's sleep the previous night, such as how many awakenings he or she had. 21 The Karolinska Sleep Quality Index (KSQI) was calculated from the average of 4 items, each on a 5-point scale (sleep quality, sleep restlessness, ease of falling asleep, ability to sleep throughout night).
A KSQI score ≤ 3 placed someone in an "insomniac" range.
22,23
The Epworth Sleepiness Scale, a standard validated survey examining sleepiness in common situations, was administered on admission. 24 A score ≥ 9 indicated excessive sleepiness. Using the Pittsburgh Sleep Quality Index (PSQI), patients reported their sleep quality for the month prior to hospitalization. 25 A PSQI score ≥ 5 indicated poor sleep quality.
Objective Sleep Quality
Objective sleep data were obtained with wrist-watch like activity monitors (Actiwatch 2; Respironics Inc, Murrysville, Pennsylvania), which have been validated to calculate sleep duration and efficiency. 26 Subjects who consented wore the watch continuously from the day of consent until discharge or until electing to no longer wear the watch. The data were downloaded and analyzed using Actiware 5 (Respironics, Inc., Murrysville, Pennsylvania). To ensure sleep time was calculated accurately, the rest interval for each patient was based on self-reported sleep onset at night and awakening from the Karolinska Sleep Log. Sleep duration was defined as total time spent asleep during the rest interval, while sleep efficiency was calculated as the percentage of time during the rest-interval spent asleep.
Demographic Information, Disease Severity, and Patient Outcomes
Demographic information, including age, race, ethnicity, gender, comorbidities, use of sleep medications, and number of hospitalizations prior to discharge, was collected from thorough chart reviews and patient surveys as part of an ongoing study of admitted general medicine patients at the University of Chicago Medical Center. 14 We also obtained patient outcome data such as length of stay from this chart review. Lastly, all patients were called after discharge to assess whether they had been readmitted or presented to the emergency room after discharge (acute care visits).
Staff Surveys
We surveyed a convenience sample of internal medicine resident physicians who attended a lunch conference at the University of Chicago Medical Center on their knowledge of and practice in screening inpatients for OSA. The survey consisted of 5-point Likert type questions, and included original questions as well as questions adapted from prior studies. 27 We specifically examined 4 OSA screening-related questions from this survey. The survey was approved by the University of Chicago Institutional Review Board.
Data Analysis
Data were entered directly into REDCap, a secure web application to facilitate access and storage of data. 28 Demographics and disease severity variables from the ongoing study were merged into this database. Descriptive statistics were used to calculate sleep duration and efficiency and the prevalence of patients at high risk for OSA, as well as to evaluate the physician sleep survey responses. Chi-square tests were used to examine associations between patient demographics (age, race, sex, Charlson comorbidity index) and OSA risk. 33 Because our data were clustered with multiple observations per subject, random effects linear regression models were used to test the association between risk of OSA and sleep duration, sleep effi ciency, and KSQI score. This enabled use of all sleep data over multiple nights per subject. Models were adjusted for patient demographics (African American race, age category, sex). Statistical signifi cance was defi ned as p < 0.05, and statistical analysis was performed using Stata 12.0 (Stata Corp., College Station, TX).
RESULTS
From November 2009 to July 2013, of the 800 patients eligible to participate, 424 (53%) consented to participate in the sleep study and completed the Berlin questionnaire (Figure 1) . The majority of patients were African American (72%) and female (57%) ( Table 1 ). The mean age was 65 years (SD = 12), the median length of hospital stay was 4 days (IQR = 3-6), and the median length of enrollment in our study was 2 days (IQR = 1-2), while the mean was 1.8 days. The majority of subjects (63%) did not report signifi cant hypersomnolence as determined by an Epworth Sleepiness Scale. Using wrist actigraphy, average sleep duration was approximately 5 h (313 min, SD = 146), and mean sleep effi ciency was 70% (95% CI 67.6%-71.6%), which is below the normal range of 85% to 100%. 21, 29, 30 For 268 (63%) of the patients enrolled, 30-day follow-up interview regarding acute care visits was completed, and approximately 26% had acute care visits.
In our study sample of patients ≥ 50 years old, which by design did not include anyone with a prior diagnosis of a sleep disorder, 2 of every 5 patients (39.5%, n = 168) were screened as high risk for OSA based on the Berlin questionnaire (Figure 2 Percentage of hospitalized patients on the general medicine service at the University of Chicago screened as at high or low risk for obstructive sleep apnea (OSA) using the Berlin questionnaire. High risk for OSA is defi ned as a score on the Berlin questionnaire of ≥ 2.
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analyses. Using random effects linear regression models, clustered by subject, patients at high risk for OSA obtained approximately 40 min less sleep per night per actigraphy during hospitalization (-39.6 min [-66.5, -12.8], p = 0.004, Table 2 ). These findings remained significant after controlling for African American race, Charlson comorbidity index, sex, and age ( Table 2) Compared to those at low risk of OSA, more patients who were at high risk for OSA reported excessive daytime sleepiness (50.8% > 9 Epworth Sleepiness scale high risk vs. 27.4% low risk, p < 0.001) and worse sleep quality over the last month (83.3% ≥ 5 PSQI high risk vs. 69.1% low risk, p = 0.001). Interestingly, patients who were high risk for OSA were 3 times more likely to receive pharmacologic sleep aids while in the hospital (15.5% of high risk vs. 5.1% of low risk, p < 0.001). Risk of OSA was not associated with hospital outcomes, such as length of stay (high risk median = 4, IQR: 3-7 days, vs. low risk median = 4, IQR: 2.5-6 days) or acute care visits (32% high risk vs. 25% low risk, p = 0.536).
In our convenience sample of 26 resident physicians, 50% reported feeling responsibility to screen inpatients for sleep disorders, but 0% reported routinely doing so. Only 19% reported knowing how to screen patients for sleep disorders, and no residents (0%) were satisfied with their training on sleep disorders.
DISCUSSION
This is the first study to assess the prevalence of OSA risk in adult general medicine inpatients and its relationship to inhospital sleep duration and quality. Our study demonstrated that two of five hospitalized general medicine patients older than 50 years of age were at high risk for OSA. These patients had shorter in-hospital sleep duration, lower sleep efficiency, and worse self-reported sleep quality.
Our finding that 40% of inpatients screened at high risk for OSA is approximately 1.5 times greater than the estimated prevalence in the general population. 2 However, because we did not use polysomnography, we were only able to assess risk for, and not actually diagnose, OSA. However, given the positive predictive value of the Berlin questionnaire, it is likely that at least 70% of the inpatients in this study would actually be formally diagnosed with OSA by polysomnography. 16 This higher in-hospital prevalence may be explained by several studies that have reported an association between OSA and medical conditions that may result in hospitalization. 6 Because untreated OSA is also associated with an increased risk of cardiovascular and cerebrovascular disease, it is theoretically possible that some of our patients were, at least in part, admitted due to consequences related to untreated OSA.
While the difference in sleep time of forty minutes between those who were high risk for OSA and those who were not seems small, it is clinically significant, especially given that sleep duration in both groups was already low. This difference in sleep duration may adversely impact cortisol levels, glucose tolerance, and sympathetic nervous system activity in patients. 31 While OSA has been associated with worse postoperative outcome, we did not find a significant association between risk of OSA and various health outcomes such as length of hospital stay, number of hospitalizations after discharge, and number of ER visits after discharge. This may be because our group includes patients who are at risk for OSA but excludes patients with known severe OSA. Nevertheless, undiagnosed OSA patients in the hospital are at risk of preventable adverse events, such as respiratory failure due to inappropriate use of sedatives or narcotics. 32 This is especially important because of the higher rate of pharmacologic sleep aid use among inpatients with high risk of OSA, which could lead to patient harm.
While half of residents responded that it was their responsibility to screen inpatients for sleep disorders, none reported routinely doing so. This is likely due to the low level on knowledge on how to screen for sleep disorders and marked dissatisfaction with the training they have received. Although patients were wearing Actiwatches, this did not seem to increase residents' interest in screening for sleep disorders; this may be due to the residents being unaware of what an Actiwatch looks like or its purpose. Furthermore, the Actiwatch model is discrete; in any given week, approximately one of the residents' patients may have been enrolled in the study.
These findings have implications for future interventions to improve screening for OSA in hospitalized older adults. While this may be the first such study done on older medical inpatients, large studies on OSA have been conducted in other patient populations. Interestingly, compared to one of these studies of surgical patients by Lockhart et al., our study found twice as many general medicine inpatients screening at high risk as surgical patients. 34 Given the potentially high rates of undiagnosed OSA on medical wards, hospital staff should be trained to routinely screen patients who are at high risk for OSA and refer them for diagnosis and treatment.
This study has several limitations. First, generalizability is limited since it was conducted with general medicine patients at a single institution, and excluded non-English speaking or patients with cognitive impairments. We did not perform polysomnography on the patients in the study and therefore cannot report the actual prevalence of OSA. Moreover, even though we tried to use set inclusion and exclusion criteria to select patients appropriate for actigraphy, it is possible that actigraphy does not accurately measure sleep in hospitalized patients. While studies have assessed the accuracy of actigraphy in ICU patients, as well as in controlled sleep conditions, no known study of the accuracy of actigraphy in general medicine patients has been conducted. 35, 36 Another study limitation was the rate of Actiwatch removal or failure (24%); the most common reason was removal of the Actiwatch for a procedure, such as MRI, as clinical activities took precedence over our research. It is possible that the patients who consented to the sleep study differ from those that did not consent, raising the concern for selection bias. We also used a convenience sample of internal medicine resident physicians which may not represent all physicians.
In conclusion, a substantial portion of hospitalized adults age 50 or older are at high risk for OSA. These high-risk patients have lower in-hospital sleep duration and efficiency, as well as lower subjective sleep quality, and are more likely to receive pharmacologic sleep aids in the hospital. Screening hospitalized patients for OSA could be a way to identify and treat undiagnosed OSA patients, as well as potentially improve their long-term health.
